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(54) PRODUCTION OF TERTIARY ALCOHOL 

(57)Abstract: 

PURPOSE: To provide a process capable of producing the subject compound in highly active state in high 
selectivity using a small amount of a homogeneous catalyst and an inexpensive apparatus by subjecting an 
olefin to hydration reaction by using a specific catalyst in the presence of Cu2+ and sulfolane. 
CONSTITUTION: This compound is obtained by subjecting an olefin to hydration using a catalyst consisting of a 
polymer soluble in sulfolane, water and/or the olefin and containing a sulfone group (preferably, polyvinylsulfonic 
acid or polystyrenesulfonic acid) in the presence of a copper ion and sulfolane preferably at 30-100° C under 
the pressure at which the olefin exists as a liquid. Further, the weight-average molecular weight of the polymer 
of the catalyst is preferably 1000-30000. The hydration reaction is preferably carried out in a stainless steel- 
made manufacturing apparatus by a counter current-multistage continuous operation. Further, isobutene is 
preferable as the olefin and tert-butanol is obtained as the objective compound in this case. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacturing method of the tertiary alcohol characterized by making into a catalyst the meltable 
polymer which has a sulfonic group, and carrying out the hydration reaction of the olefin to a sulfolane, water, 
and/or an olefin under existence of a copper ion and a sulfolane. 

[Claim 2] The manufacturing method of the tertiary alcohol according to claim 1 with which the polymer which 
has a sulfonic group is characterized by being polystyrene sulfonate or a polyvinyl sulfonic acid. 
[Claim 3] The manufacturing method of the tertiary alcohol according to claim 1 or 2 characterized by for an 
olefin being isobutene and tertiary alcohol being a tert-butanol. 

[Claim 4] The manufacturing method of tertiary alcohol given in the term of either claim 1 characterized by the 
facility quality of the material which carries out the hydration reaction of the olefin and manufactures alcohol 
being stainless steel thru/or claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of manufacturing tertiary alcohol industrially by the 
hydration reaction of an olefin, by making into a catalyst the polymer meltable to a sulfolane, water, and/or an 
olefin which has a sulfonic group. 

[0002] Tertiary alcohol is used as heavy chemicals or a solvent, and also it is important as various industrial raw 
materials, for example, the tert-butanol is used in large quantities as methyl tert-butyl ether or a raw material of 
methyl-methacrylate manufacture. 
[0003] 

[Description of the Prior Art] Conventionally, an acid catalyst is usually used for the process which carries out 
the hydration reaction of the olefin and manufactures tertiary alcohol. As for the manufacturing method using 
this acid catalyst, the heterogeneous catalyst method and the homogeneous catalyst method are learned. 
[0004] The technique of using strong acid nature ion exchange resin, a zeolite (JP,63-156736,A), etc. for a 
catalyst as a heterogeneous catalyst method is indicated. These heterogeneous catalyst method has low 
activity, and in order to increase hydration activity, the method of making an organic acid (JP,50-321 16,A) and a 
sulfolane (JP,55-81825 f A) live together is used. However, by the approach using an organic acid, since the 
generated alcohol forms organic-acid ester easily, that a separation recovery process is newly needed etc. 
cannot avoid complicated-ization of a process easily. Moreover, although a hydration reaction rate increases and 
the selectivity to tertiary alcohol also improves by the approach of making a sulfolane living together, if it carries 
out from a industrial viewpoint, it cannot be said yet that catalytic activity is enough. 

[0005] On the other hand, as a homogeneous catalyst method, two, a sulfuric-acid method and a heteropolyacid 
method, are known. 

[0006] A sulf uric-acid method is an approach of using a sulfuric-acid water solution 50 to 65%. By this approach, 
the dimer, trimer, or polymer of an olefin carries out a byproduction, and also when an olefin is the mixture of 
isobutene and n-butene, the problem n-butene reacts and the sec-butanol which is secondary alcohol carries 
out [ a problem ] a byproduction arises, for example. Furthermore, a sulfuric-acid method has the fault for which 
the corrosion of equipment must use an expensive ingredient industrially violently. 
[0007] A heteropolyacid method is the approach of using heteropolyacid water solutions, such as a 
tungstophosphoric acid and molybdophosphoric acid, as a homogeneity solution (JP,55-62031,A). It has the 
advantage that a heteropolyacid method has the quite large hydration reaction rate of an olefin, and there is no 
corrosion of the equipment quality of the material. However, the heteropolyacid is expensive and a problem is in 
the stability under hydration reaction conditions. Moreover, in order to obtain a still bigger hydration reaction 
rate from a industrial viewpoint, when reaction temperature is raised, when an olefin is the mixture of isobutene 
and n-butene, like a sulfuric-acid method, a sec-butanol carries out a byproduction and there is a problem that 
the tertiary alcohol of a high grade is not obtained, for example. 

[0008] The technique using the polymer which has the technique (JP,55-51028,A) and sulfonic group using the 
Para toluenesulfonic acid which is an organic sulfonic acid as an approach of avoiding the fault of a sulfuric-acid 
method is indicated. If the polymer which has these organic sulfonic acids and sulfonic groups is used, the 
problem which the impurity accepted by the sulfuric-acid method carries out [ a problem ] a byproduction, or 2 - 
a trimer generate will be solved. However, if reaction temperature is raised using an organic sulfonic acid, for 
example, Para toluenesulfonic acid, in order to obtain a industrial hydration reaction rate, bad, the corrosion of a 
reactor will become intense like a sulfuric-acid method, and the thermal stability of Para toluenesulfonic acid will 
not escape the fault which must use an expensive ingredient industrially. 

[0009] Although thermal instability like Para toluenesulfonic acid will be improved on the other hand if the 
polymer which has a sulfonic group, for example, polystyrene sulfonate, is used, a industrial still bigger hydration 
reaction rate is required. For this reason, the attempt (Journal of Molecular Catalysis, 37 (1982) 75-92) which 
uses a sulfolane for the system which makes polystyrene sulfonate a catalyst occurs. However, the hydration 
reaction conditions currently indicated here are very mild, and widely different from industrial conditions. Then, in 



.order .to obtain a industrial hydration reaction rate, when reaction temperature is raised, the corrosion of 
equipment takes place too and an expensive ingredient is industrially needed. That is, under the elevated 
temperature which obtains a required hydration reaction rate industrially, since corrosive [ of the polymer which 
h?is the sulfonic group which is a catalyst ] is very strong, the common stainless steel as an equipment 
ingredient cannot be used, but lining of expensive Hastelloy B and C, a tantalum or glass, porcelain enamel, etc. 
Is needed. 

[0010] For this reason, in the process which deals with the corrosive large acid catalyst of the polymer which 
Tias a sulfuric acid, an organic sulfonic acid, and a sulfonic group, the approach of using a certain kind of 
corrosion inhibitor is proposed for corrosion prevention of the metallic material of equipment. For example, the 
method of making a heteropolyacid (JP,59-193836,A, JP,59-200769,A), a molybdic acid or its salt (JP,61- 
293939,A), a vanadium oxide, banazin san, or its .salt (JP,61-293940,A) live together as corrosion inhibitor is 
indicated. However, the method of making these well-known corrosion inhibitor live together was not what 
corrosion inhibitor is returned, there is a problem of effectiveness not being discovered, and it can not 
necessarily be satisfied with the bottom of the reducing atmosphere to which solubility with much [ the 
corrosion prevention effectiveness of corrosion inhibitor ] amount used which is not enough deposits while in 
use low, and which deals with a certain kind of organic compound of. 
[0011] 

[Problem(s) to be Solved by the Invention] It is offering the approach of this invention's being made in view of 
the aforementioned conventional technique, and the purpose's being equipment which consists of a cheap 
metallic material using the acid catalyst of a homogeneous system, hydrating an olefin high activity and in high 
selection, and manufacturing tertiary alcohol economically. 
[0012] 

[Means for Solving the Problem] this invention persons examined wholeheartedly the approach of carrying out 
the hydration reaction of the olefin and manufacturing tertiary alcohol, in order to solve the above-mentioned 
technical problem. Consequently, when the copper ion and the sulfolane were made to live together in a 
hydration reaction system by making into a catalyst the polymer meltable to a sulfolane, water, and/or an olefin 
which has a sulfonic group, hydration reaction activity improves remarkably, tertiary alcohol can be efficiently 
manufactured to high yield, and it finds out that the equipment which a moreover very high corrosion prevention 
operation is acquired, and consists of a cheap metallic material can be used, and came to complete this 
invention. 

[0013] That is, it is the manufacturing method of the tertiary alcohol characterized by for this invention making a 
catalyst the meltable polymer which has a sulfonic group, and carrying out the hydration reaction of the olefin to 
a sulfolane, water, and/or an olefin under existence of a copper ion and a sulfolane. 
[0014] This invention is explained further below at a detail. 

[0015] The polymer which has the sulfonic group used as a catalyst in this invention will not be especially 
limited, if it is the macromolecule polymer meltable to a sulfolane, water, and/or an olefin which has a sulfonic 
group. For example, a polyvinyl sulfonic acid, a poly methylvinyl sulfonic acid, polystyrene sulfonate, polyvinyl 
toluenesulfonic acid, etc. are mentioned. A polyvinyl sulfonic acid and polystyrene sulfonate are [ among these ] 
desirable. 

[0016] Although especially the weight average molecular weight of these polymers is not limited, it is 1,000- 
30,000 preferably [ it is desirable and ] to 500-50,000, and a pan because of improvement in hydration reaction 
activity. 

[0017] In the approach of this invention, although especially the concentration in the case of using these 
polymers as an acid catalyst is not limited, it is 20 - 60 % of the weight still more preferably [ it is desirable as 
concentration in a catalyst solution, and ] from 5 % of the weight or more to saturation solubility because of 
improvement in hydration reaction activity. 

[0018] A copper ion is made to live together in the system of reaction in the approach of this invention for the 
corrosion prevention of the metallic material of equipment That the raw material of the copper ion used should 
just be what dissolves in a catalyst solution and serves as a copper ion, although it does not limit especially, 
univalent [, such as a copper sulfate, a copper nitrate, copper acetate, a copper chloride, copper carbonate, 
phosphoric acid copper, oxalic acid copper, and copper oxide, ], divalent copper salt, metal copper, etc. are 
mentioned, for example. These may be used independently, and may mix and use two or more kinds. Moreover, 
you may add in a direct catalyst solution and may mix as a water solution. Although especially the addition of the 
raw material of a copper ion is not limited, when economical efficiency is taken into consideration, 0.001 - 5% of 
the weight of the range is desirable as copper ion concentration in a catalyst solution. 

[0019] A sulfolane is made to live together as a solvent in this hydration reaction system in the approach of this 
invention. Although especially the addition of a sulfolane is not limited, 0.1-20 mols are 0.5-10 mols still more 
preferably preferably to one mol of olefins of a raw material because of improvement in hydration reaction 
activity. 



10020] In this system of reaction, a sulfolane carries out the mixed dissolution with the water which exists in a 
system, and accelerates a hydration reaction rate remarkably. Although especially the amount of the water used 
into this system is not limited, it is 3-15 mols still more preferably 1-30 mols preferably to one mol of olefins of 
a ( raw material because of improvement in hydration reaction activity. 

[0021] Although the olefin used as a raw material of this invention is not limited that what is necessary is 
*[ especially ] just the olefin which can manufacture tertiary alcohol, they are isobutene, alpha methyl styrene, 
isoprenes, and/or those mixture preferably. The tertiary alcohol (it is a tert-butanol when isobutene is used as a 
taw material) which corresponds from these raw materials is obtained. 

f [0022] These olefins may contain inactive hydrocarbon mixture in the hydration reaction. For example, isobutene 
may be mixture which contains the saturation or unsaturated hydrocarbon of a carbon number 4, such as 1- 
butene, a cis-2-butene, a trans-2-butene, n-butane, and an isobutane, at a rate of arbitration. Moreover, alpha 
methyl styrene may contain aromatic hydrocarbon, such as benzene, toluene, a xylene, and cumene. So-called 
SUPENTO BB obtained after removing a butadiene from the fraction of a carbon number 4 among byproduction 
C4 fraction of the fluidized-catalytic-cracking reaction of the petroleum with which isobutene is contained, the 
contact dehydrogenation fraction of n-butane, and a naphtha-cracking product as an example to which these 
olefins contain an inactive hydrocarbon in a hydration reaction is mentioned. 

[0023] In the hydration reaction of this invention, as long as it is required, an organic solvent and other additives 
may be used further. As an organic solvent an inactive solvent, for example, dioxane, an acetone, toluene, etc. 
may be added to the sulfolane and water which are a catalyst, an olefin, and a solvent, and if needed, even if it 
adds the tertiary alcohol which is a product, it does not interfere. 

[0024] Although especially the hydration reaction temperature of this invention is not limited, 10-120 degrees C 
is preferably carried out at 30-100 degrees C still more preferably for improvement in the equilibrium conversion 
of the hydration reaction of an olefin, and a hydration reaction rate. 

[0025] In this invention, an olefin is supplied to the system of reaction with a gas or a liquid. Although especially 
reaction pressure is not limited, it is usually ordinary pressure - 30KG, and the reaction pressure in which an 
olefin exists as a liquid in consideration of the hydration reaction rate of an olefin is desirable still more 
preferably. In this case, as long as it is required, a pressure may be controlled using inert gas, such as nitrogen, 
an argon, and carbon dioxide gas. 

[0026] As an operation gestalt of this invention, any, such as a churning mold reactor, and an external cycloid 
type reactor, a tower type reactor, a tubular type reactor, may be used, and any of a batch process, a half-batch 
process, and continuous system are sufficient. When high purity and high productivity are taken into 
consideration on the basis of a high invert ratio of an olefin, counterflow multistage continuous system actuation 
is desirable. 

[0027] In this invention, the facility quality of the material which carries out the hydration reaction of the olefin 
and manufactures alcohol is good at stainless steel, such as austenitic stainless steel of the general-purpose 
and comparatively cheap metallic material 304, for example, SUS, and SUS316 grade, and ferritic stainless steel 
containing the chromium of SUS444 grade. Although a special and expensive metallic material, for example, 
titanium, a tantalum, Hastelloy B, Hastelloy C, Monel, etc. can be used, of course, the aforementioned stainless 
steel is enough. 

[0028] In this invention, separation of the catalytic liquid after a reaction and the tertiary alcohol of a resultant 
can be carried out by well-known actuation of filtration by two-phase separation and the demarcation 
membrane, distillation, etc., and becomes reusable [ catalytic liquid ]. 

[0029] According to this invention, since the hydration reactiofi rate of an olefin can be improved remarkably, 
tertiary alcohol can be efficiently manufactured to high yield in the small amount of catalysts. Moreover, since 
the very high anticorrosive effectiveness is acquired, the usual stainless steel also becomes usable as an 
equipment ingredient, and tertiary alcohol can be manufactured economically. 
[0030] 

[Example] Although an example is used for below and this invention is further explained to it at a detail, these 
examples do not show the outline of this invention and this invention is not limited to these examples. 
40 % of the weight [ of polystyrene sulfonate ] (molecular weight Mw:1 0,000), 45 % of the weight [ of sulfolanes ], 
50ml [ of polystyrene sulfonate solutions which consist of 15 % of the weight of water ], and isobutene 3g, 1- 
butene 2.7g, and 64.3mg of copper-sulfate 5 hydrates were taught to 1 1 00ml glass autoclave of examples, and 
the hydration reaction of the 70 degrees C was carried out to it for 10 minutes. 

[0031] The amount of 4.7 mols and water of the amount of sulfolanes to one mol of olefins of a raw material at 
this time is ten mols, and the copper ion concentration in a catalyst solution is 0.025 % of the weight. 
[0032] Using dimethoxyethane as internal standard matter, mosquito nature soda neutralized and the gas 
chromatography analyzed the resultant. Consequently, 2.52g generated (63.6% of isobutene invert ratios), and 
by-products, such as a sec-butanol (SBA), a JIISO butene, and a TORIISO butene, were not detected, but the 
tert-butanol (TBA) of the selectivity of TBA was 100%. 



.[0033] Moreover, the test piece (SUS316, a dimension : 0.3cm in 1.5cm long, 3.0cm wide, thickness) was put in in 
the system of reaction, and although the same reaction was repeated 20 times and carried out, in a test piece 
front face, change was not seen at all. 

[8034] It reacted like the example 1 except having not added example of comparison 1 copper-sulfate 5 hydrate. 
Consequently, TBA generated 2.50g (63.1% of isobutene invert ratios), and by-products, such as SBA, a JIISO 
T)utene, and a TORIISO butene, were not detected, but TBA selectivity was 100%. 

[0035] Moreover, like the example 1, the test piece (quality of the material : 0.3cm in SUS316, 1.5cm of 
Jjimensiomlength, 3.0cm wide, thickness) was put in in the system of reaction, and when the same reaction was 
repeated 5 times and carried out, black general corrosion was seen in the test piece front face. 
[0036] It reacted like the example 1 using 50ml of polystyrene sulfonate water solutions which consist of 40 % of 
the weight (molecular-weight Mw:10,000) of example of comparison 2 polystyrene sulfonate, and 60 % of the 
weight of water except having not added copper-sulfate 5 hydrate. Consequently, TBA generated 0.38g (9.6% of 
isobutene invert ratios), and by-products, such as SBA, a JIISO butene, and a TORIISO butene, were not 
detected, but TBA selectivity was 100%. 

[0037] 40 % of the weight [ of polystyrene sulfonate ] (molecular weight 1 0,000), 45 % of the weight [ of 
sulfolanes ], 50ml [ of polystyrene sulfonate solutions which consist of 15 % of the weight of water ], and 
isobutene 7g, 1 -butene 13g, TBA5.5g, and 64.3mg of copper-sulfate 5 hydrates were taught to 2100ml glass 
autoclave of examples, and the hydration reaction of the 70 degrees C was carried out to it for 10 minutes. 
[0038] The amount of two mols and water of the amount of sulfolanes to one mol of olefins of a raw material at 
this time is 4.4 mols, and the copper ion concentration to a catalyst solution is 0.025 % of the weight. 
[0039] Consequently, TBA newly in addition to TBA of**** generated 5.63g (60.9% of isobutene invert ratios), 
and by-products, such as SBA, a JIISO butene, and a TORIISO butene, were not detected, but TBA selectivity 
was 100%. 

[0040] It reacted like the example 2 using 50ml of polystyrene sulfonate water solutions which consist of 40 % of 
the weight (molecular weight 10,000) of example of comparison 3 polystyrene sulfonate, and 60 % of the weight 
of water except having not added copper-sulfate 5 hydrate. Consequently, TBA newly in addition to TBA of **** 
generated 2.28g (24.7% of isobutene invert ratios), and by-products, such as SBA, a JIISO butene, and a 
TORIISO butene, were not detected, but TBA selectivity was 100%. 

[0041] 40 % of the weight (molecular weight 10,000) of polystyrene sulfonate, 45 % of the weight of sulfolanes, 
50ml of polystyrene sulfonate solutions which consist of 15 % of the weight of water, 71.3mg (copper-ion 
concentration in a catalyst solution: 0.03 % of the weight) of copper-sulfate 5 hydrates, and a test piece (quality 
of the material : 0.3cm in SUS316, 1.5cm of dimension:length, 3.0cm wide, thickness) be put into 1 100ml glass 
autoclave of examples of reference and corrosion trial be carried out under stirring at 80 degrees C for 14 days. 
Consequently, as for the test piece front face, change was not accepted at all, but the corrosion rate was 
0.003mm/year. 

[0042] The corrosion trial was carried out on the completely same conditions as the example 1 of reference 
except having not put in example disulfuric acid copper of reference 5 hydrate. Consequently, the test piece 
front face became black, complete corrosion was accepted, and the corrosion rate was 0.11 mm/year. 
[0043] The corrosion trial was carried out on the completely same conditions as the example 1 of reference 
using the polystyrene sulfonate solution which consists of 40 % of the weight (molecular weight 1 0,000) of 
example of reference 3 polystyrene sulfonate, and 60 % of the weight of water except having not put in copper- 
sulfate 5 hydrate. Consequently, the test piece front face became black, complete corrosion was accepted, and 
the corrosion rate was 0.32mm/year. 
[0044] 

[Effect of the Invention] According to this invention, by making into a catalyst the meltable polymer which has a 
sulfonic group, and carrying out the hydration reaction of the olefin to a sulfolane, water, and/or an olefin under 
a copper ion and sulfolane existence, a hydration reaction rate can be improved remarkably and tertiary alcohol 
can be efficiently manufactured to high yield in the small amount of catalysts. Furthermore, the very high 
anticorrosive effectiveness would be acquired, the usual stainless steel will also become usable as an equipment 
ingredient, and tertiary alcohol can be manufactured economically. 
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000-30, OOOT'$5 0 

[00 1 7] ^w^iifcfc^T, cfteoa-s-f** 



£5fc#£L<fi2 0-6 oa»%T*$.So 
[0 0 18] ^mttmclS^T. &a<8&JS*ffio 

*st>©T?a&ntfa<, wiciBe"r*toT?tt3a:v>*« % 
smi, mm. mmm. mm. mmm, m 

ttto. 00 i~5iI%©E»WiU\ 

[0 0 19] *^(D73^fC*5^T. *7kftKJS^t}8 

0. 1~2 0*7k £ L<«0. 5~10*;l/ 

[0 0 2 0] ^KfS^cfc^T, x**7>lii'1'tS 

fi-r§7j<i:^?§ft?t, *ftst£oaa*»L<*oiar 

yi€;W;WLT> ^L<tti~3 0t;K SSlc!? 

[0 0 2 1] *SWOifii:UTffl^6n«*P7-fy 
{*. ^3ftT7bn— fr&mmTZZXUy-O'T'&tllS 

(om&vaT'tb&o cti&coji^€>*f*s-rs^3»y/i' 

(tW*'tf-l'y^>*JBRi:Ufc«*, t e r t 
[0 0 2 2] Cft6^*U7^yfi*ffiKJ&l;:^Stt& 

mtAiMm^a^hrQ^x^Si^o mx-is* v7f> 

(±, 1 -7f>, c i s — 2 -7fX t r a n s - 2 
-7*7^ n -7** -<yr* 4 Ottft 

oTlv\ Sfca-T^/l'X^UXi, WAtf^-lf 
h;l/x>, ^^^>^<7)^§SlJ^{t7l<^ 

^^T*t/^TfeAvv cne.<?)*i'7-f>tf*a5(5 
ic^S1*^Kfk7j<|g^^ty^Ji: LTii, ^V7f^t 
$n5Er*©»tlftSM»ft?JS)ES<DliJ^ C 4 SSh n -r 

*>o»«ia**e», ■ryvftM£.fm<D : ys>mmwi. 
»*«x-^> h b Bisw^f e>ns 0 

[0 0 2 3] *«WOTKftSiSK43^T» &Hfc&fcf» 
rg«i:LT, MMt,' 3Mx-7i->, jSj«Tfe5X;l/^5> 



(4) 



%fffl¥ 8-5 3 3 8 1 



[0024] *^ozkasiSia«tt«F«ci8S**to 
S6te»*b<»3o—i.ooic-e*aiia*i*o 

" Tttft^tf* IfSE-3 0KGtfcO, 10 

[0 0 2 6] *f^©«BIIRfcLTfci:. 

ftttflntfflEftll, *SaK«», «S!S««90V> 

[0 0 2 7] *U7>r^*7jcas/S;u- 

«*tfS U S 3 0 4, SUS31 6«0*— 
Xft-rh^XrVUXa^ SUS 4 4 4^<D^nA 
mt§7x7^f h^Xf >UX8J^<DX;f >L/XSI 

*/k aXtp^B, /NXfn^C, 

[0028] *awjcfe^r, E*s»o«ra*fcKfS£ 

[0 0 2 9] *«BHfcJ:titf. *U7-r>07kftE*S3S 

s$50tyc, *>^B;iR*^a3»7';l/=i-7l/*Hit'rsci: 
*-e*«o *fc, «abT»ir^BE«l»j|itf»6ti*©-e, 

0.; B«Fttlc*3«T7l/3-7l/*«Bft-e*fio 
[00 3 0] 

§gS§0iJl 

(^iMw: 1 0, 0 0 0) 4 011%, X 

>X;U*>8Ei8»5 0m 1, ^V7f>3 g, 1 

>2. 7 g* BKIM5*fttt6 4. 3mg^:f±iA^> 7 

or, i d»mi*3RiBSi*ft. 50 



[0031] coh^o. mno^ruy^y i*;wc*t 
tsx;i/*7>l«4. 7*;k 7k<o«tt.i 0 

0. <ttat***O*^*V»lEtt0. 0 2 5lfi%T*& 

So 

[0 0 3 2] rttfflPMM(£ UTS>* h 

^97*— te*D«»L;fc 0 t e r t -7* 

/-;KTBA) ^2. 5 2gtf£ttl WV7f>g 
ffc^6 3. 6%) , s e c -7$/—)l> (S B A) , is 

TBA^IWil 0 0%Woft 0 
[0 0 3 3] E/C^F^Cf Xht?--X (SUS3 

16*TH£:MEl. 5cm, «3. 0cm, S^0. 3 
cm) 4AtlT, H«OEJS«2 OHHOilL/llfiSLfc 

[0 0 3 4] JtfftMl 

«»cEK*ffofto TBA#2. 5 0gS« 

L Wy^ryKftf 6 3. 1%) , S B A, 

fx hu>ryr«r>*o»j*wttftasn'r. tba 
saw* i o o%T*ofc 0 
[0035] *fc*sswi fcraawc, EiS^^tcfxh 

If — X (»« : S U S 3 1 6 , : » 1 . 5 c m, ffi 
3. OcnuJPSQ. 3 c m) *AtlT, H«OgjS* 
5HltDiKLifcKLfe£C'£. f Xhtf-xaffiicteJI 

[0 0 3 6]'J£BH5U2 

*UXfl/>X;l/*yl (»fiMw : 1 0, 0 0 0) 
4 0li%> 7j<6 0il%W^«*'JXf W>X7l/* 
>lfek*}K5 0 m 1 *ffllr\ WK«5i*a«*»*DL£: 

TBAtfO. 3'8gS*t MV7f>6fl:*9. 
6%) , SB A, ^>W7fX h'J-YV7f>«OM 
4«tittB?nf, T B Amsimt 10 0 fee 
[0 0 3 7] *BK0!|2 

100ml *7XSt- h ^ 4? U Xfl/>X 

10, ooo) 4 011%, x;i/*9 
>4 511%, 7k 1 5M%fr6££#i;Xf U^X;l/ 
^>8M5 0mU ^V7f>7g, l-7f>l 3 
g, TBA 5. 5 g, .BBM5'7K8M6 4. 3mg£rtt 

a*; 7oic, i o»H7kasrt;«*fco 
[0 0 3 8] co£:#<q, B»o*U7-r>r^;Wc:M 
t5X;l/*5>l(i2^;l/, zkO»4"4. 4^;l/-efc 
t), WK*«JC»"r««:Y*>aifl[«0.. 0 2 511% 

[0 0 3 9] *0«S», TBA^ttiiOTBAtWklif 
fclC5. 6 3g«L (^V^x>Kfk^6 0. 9 
%) , SBA, ^W7f>, hU^vr-r>«0«l4 

Bummsnf, tbam$^i oo%r^o/c 0 

[0 0 4 0] tfc«0«3 



(5) 



ftfflV- 8-5 3 3 8 1 



^'jXfl/^X^*^ (»?I1 0, 0 0 0) 4 01 

m%, 7j<6 o mm%& e>*s # yx^u^x^^gsk 

?g?g5 0m 1 '«rfflv\ fifiESNS 5 zKfttt^r^D b^^o fc 
BA#fr&«TBAtWtC#ffctC2. 2 8g£(£L (f 

yyf>at$2 4. 7%), SB a, 'Mvf^-y. 
hv-fv 7t- >m<om£Wimtuzti-r. tba sir^ 

{*' 1 0 0%T*$>^7c<> 
[0 0 4 1] ##0iJl 

10 0mlf7XSt-h^l'-7£ > ^'JXfl'VX io 

o, oo o) 4 oll%, 

>4 5M%, *1 5li%*^«:5^UX^l/>X^ 
*>Wffl[5 0inl, IHMI53!lCfMf7 1. 3mg (« 
©ffi-Y*^** : 0. 0 3fi«%) , RXfrT. 
h If — X (MM. : S U S 3 1 6 , Tj-jS : Iffi 1 . 5cm, 
#3. Ocm, »S0. 3cm) ^An, 14BH, 8 

tf-x*ig{±^<^t*^J6P>n-r, isfiKifttio. o 

0 3mm/^T*J&ofco 

[0 0 4 2] #%^J2 . . 20 

sft&ai 5 TKSrt** Aft o rzummmm \t±<m 



«*< * 9 £®jggfc# ig& 6 n, mm&tt o . 

1 1 mm/^fS^/c. 
[0 0 4 3] ##0IJ3 
^'JX^L^^X^^SE 1 0, 0 0 0) 4 01 

S%, 7K6 0ii%frf.*5* 'J Xf bVX;l/,t>ii 

v\ mim 5 *5iwfe* Aft*** o fc w*tt##« 
i fc^<ra-©*ff-ejBMiit«««s(ibfco 

JggteO. 3 2mm/^T*feo7c 0 
[0 0 4 4] 

£r&fe$®£: U SK*v£x;1/*^>#4'tV' * W 7 -' > 
fczkmEfc*-**-* c : fc ic £ <? /* < 2Mta£J&3g)g£fr 

tC^3?ST;b3-;l/^^t-SC : fc^T'*i„ 
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